Introduction
============

Mechanical thrombectomy results in a high revascularization rate in patients with acute ischemic stroke.^[@B1]--[@B4]^ Recently, several trials reported stent retriever thrombectomy improved clinical outcomes compared with medical therapy alone.^[@B5]--[@B9]^ Stent retriever is required to advance a microcatheter distal to the thrombus before deployment. Further, it is necessary to predict the vessel diameter and the thrombus length for a suitable selection of device diameter and length. Therefore, it is useful to characterize vessels distal from occluded site. The frequency of procedural complications during endovascular therapy (EVT) for acute ischemic stroke ranges from 3.5 to 16%.^[@B1]--[@B4]^ These complications, especially dissection and vessel perforation, are considered to occur when the thrombectomy device passes through the occluded site or when the microwire advances through the invisible distal vessels. There, information regarding the distal portion of the occluded site is also important to prevent procedural complications.

Vessels distal form occluded site can be visualized by computed tomography (CT)^[@B10]^ or intravenous cone beam CT (IV-CBCT).^[@B11]^ Because the time window for EVT is limited, imaging examinations must be performed as quickly as possible. Moreover, the allowable amount of contrast medium is sometimes limited by the presence of renal dysfunction.

The goal of the present study was to assess the clinical utility of high-resolution CBCT with contrast injected from the ascending aorta (Ao-CBCT) for the visualization of the vessels distal from occluded site.

Materials and Methods
=====================

Subjects and imaging protocol
-----------------------------

After review of the protocol by our local ethics committee, informed consent was obtained from all patients or their family before EVT. We enrolled consecutive acute ischemic stroke patients with large vessel occlusion who were planned to undergo EVT between October 2012 and July 2013. Using a 1.5-T scanner, all patients were initially assessed by magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) to evaluate brain ischemia and large vessel occlusion. Intravenous tissue plasminogen activator (tPA) therapy was performed before EVT if it was eligible. Patients with Alberta Stroke Program Early Computed Tomography-diffusion weighted image (ASPECT-DWI) score \> 5 based on initial MRI and large vessel occlusion \[internal carotid artery (ICA), middle cerebral artery (MCA) M1/M2, basilar artery (BA) and vertebral artery (VA)\] based on initial MRA were eligible for EVT. EVT was performed if neurological improvement was not obtained at 30 min after tPA administration. The Merci retriever (Concentric Medical) and Penumbra system (Penumbra) were used for EVT.

Patients underwent conventional angiography and Ao-CBCT under local anesthesia with propofol and fentanyl. An 8-Fr or 9-Fr catheter sheath was introduced via the femoral artery. Diagnostic angiography and EVT were performed with an 8-Fr or 9-Fr guiding catheter and a 4Fr JB2 catheter coaxial system.

Ao-CBCT images were acquired after non-diluted contrast injection (1.0 ml/s for a total amount of 30 ml) from the ascending aorta with a contrast injector. The delay time for the cone-beam CT (Allura Xper FD 20/20; Philips Healthcare) acquisition was 10 seconds with targeting of the occluded vessel into the center of rotation. Collected 2-dimensional raw data were automatically sent to the dedicated workstation (Xtravision; Philips Healthcare) and reconstructed to the 3-dimensional image within a few minutes. After Ao-CBCT, a guiding catheter was advanced into target vessel. If the operator considered that more vessel information was necessary, additional digital subtraction angiography (DSA) was performed in other vessels.

Assessment and analysis of images
---------------------------------

We assessed the distal portions of the occluded site using MRA, DSA and Ao-CBCT images. Evaluation of vessels distal from occluded site was based on retrograde contrast opacification of vessels within the occluded vessel territory. We used the following scoring system:^[@B12]^ A score of 1 was assigned if collaterals reconstituted the distal portion of the occluded vessel segment (i.e., if there was M1 segment occlusion, the M1 segment distal to the occlusion reconstituted).A score of 2 was assigned if collaterals reconstituted vessels in the proximal portion of the segment adjacent to the occluded vessel (i.e., if there was M1 segment occlusion with reconstitution to the proximal M2 vessel segments).A score of 3 was assigned if collaterals reconstituted vessels in the distal portion of the segment adjacent to the occluded vessel (i.e., if there was M1 segment occlusion with reconstitution to the distal portion of the M2 vessel segments).A score of 4 was assigned if collaterals reconstituted vessels two segments distal to the occluded vessel (i.e., if there was M1 segment occlusion with reconstitution up to the M3 segment branches).A score of 5 was assigned if there was little or no significant reconstitution of the territory of the occluded vessel. For image quality evaluation of Ao-CBCT, we defined grading criteria as three categories based on the boundary between vessels and surrounding anatomical structures: 1) good: more than 50% clear boundary between vessels and other anatomical structures; 2) fair: less than 50% clear boundary between vessels and other anatomical structures; or 3) poor: difficult to identify the boundary between vessels and other anatomical structures.

Results
=======

Patient characteristics
-----------------------

We evaluated 14 patients (mean age, 66 years; three female patients). The mean baseline National Institutes of Health Stroke Scale (NIHSS) score was 17. Stroke subtypes classified by the trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria were cardiogenic (*n =* 6), large-artery atherosclerosis (*n =* 5) and others/unknown (*n =* 3). Occluded sites identified by initial MRA were MCA M1 (*n =* 8), MCA M2 (*n =* 2), ICA (*n =* 2), MCA M4 (*n =* 1) and BA (*n =* 1). Intravenous tPA therapy was performed in seven patients. The mean time from MRI examination to groin puncture was 117 min ([Table 1](#T1){ref-type="table"}).

Ao-CBCT versus MRA/DSA
----------------------

In all cases, the distal vessels from occluded site could be assessed on Ao-CBCT images. Good image quality of Ao-CBCT was acquired in 11 of 14 cases (79%). Because of motion artifact, fair image quality was acquired in three of 14 cases (21%) ([Table 2](#T2){ref-type="table"}).

Visualization scores of the distal vessels from occluded site were 1 (*n =* 1), 2 (*n =* 1) and 5 (*n =* 12) on MRA; 1 (*n =* 1), 2 (*n =* 4) and 5 (*n =* 4) on DSA; and 1 (*n =* 10), 2 (*n =* 3) and 3 (*n =* 1) on Ao-CBCT assessment. In all 14 cases, more detailed visualization of the vessels distal from occlude site was possible by Ao-CBCT when compared to MRA or DSA.

Case presentation
-----------------

### Case 1 (Patient No. 5):

A 78-year-old male with a past history of neck radiation therapy for esophageal cancer presented with right ICA stenosis and right MCA M1 occlusion as defined by carotid artery ultrasonography and MRA (NIHSS score 15) ([Fig. 1](#F1){ref-type="fig"}). He was treated with iv-tPA (0.6 mg/kg) at other hospital but symptoms did not improve. He was referred for EVT and transferred to our hospital. Groin puncture was performed at 128 min after MRA assessment. Under local anesthesia, Ao-CBCT was performed before conventional angiography. DSA showed right MCA occlusion and leptomeningeal collateral flow (MCA M2 distal segment). Ao-CBCT also showed right MCA occlusion. Only Ao-CBCT revealed MCA M2 bifurcation and distal vessels. After EVT with the Penumbra system followed by carotid artery stenting, thrombolysis in cerebral infarction (TICI) 2b recanalization was acquired.

### Case 2 (Patient No. 8):

An 80-year-old male with atrial fibrillation presented with right MCA occlusion defined by MRA (NIHSS score 6) ([Fig. 2](#F2){ref-type="fig"}). Iv-tPA therapy was contraindicated, because he presented to our hospital at 3.5 hours after stroke onset. To assess the indication for EVT, angiographic assessment was performed. Groin puncture was performed at 325 min after MRA assessment. Under local anesthesia, Ao-CBCT was performed before conventional angiography. DSA showed right MCA proximal occlusion and slight retrograde filling of the distal MCA branches (MCA M2 segment). Ao-CBCT revealed the occluded MCA M1 segment clearly with opacification of the distal MCA territory. We did not perform EVT, because his symptoms were improving.

Discussion
==========

In this study, Ao-CBCT could visualize distal vessels of the occluded site in all cases. In 11 of 14 cases, good imaging quality was obtained via Ao-CBCT. Compared with conventional imaging examination, Ao-CBCT yielded more detailed vessel information. When using stent retriever devices, the device size must correspond to the vessel diameter. Furthermore, when using stent retrievers, operators have to select the device length that corresponds to thrombus length. With Ao-CBCT imaging, thrombus length as well as vessel diameter distal from occluded site can be estimated before device selection without time delay. Moreover, suitable device selection from Ao-CBCT imaging may reduce procedural complications, such as dissection or vessel perforations that would otherwise result from the inadequate device selection.

Several methods have been used to visualize the distal portions of the occluded vessel. Smit et al. reported imaging of collateral vessels using timing-invariant CT angiography (TI-CTA) constructed using CT-perfusion data.^[@B10]^ TI-CTA was performed using a 128-detector-row CT scanner with 40 ml of nonionic contrast medium. In that study, TI-CTA yielded more detailed information regarding collateral vessels when compared with standard CTA. This modality requires a CT scanner unit with reconstruction of images at a CT workstation, and operators have to wait at the CT unit until CTA images are processed. If patients are to undergo EVT in the hyper-acute phase, a time delay from CTA examination to groin puncture (for EVT) may occur due to patient transfer time from the CT unit to the angiography suite. In contrast, Ao-CBCT images are acquired in the angiography suite, thereby obviating any time delay that would otherwise be associated with a transfer from the CT unit. Therefore, Ao-CBCT can shorten the time to EVT when compared with CTA assessment.

Another vessel evaluation method that can be conducted in the angiography suite is intravenously enhanced flat-detector CT (IV-FDCT).^[@B11]^ IV-FDCT is obtained via propeller scan with contrast injection (total, 80 ml) via a pigtail catheter deployed in the inferior vena cava or right atrium. IV-CBCT can visualize the occluded site and the distal vessels. However, IV-CBCT requires more contrast medium than Ao-CBCT. Moreover, IV-CBCT requires two groin puncture sites: one site for EVT, and another site for contrast injection via the inferior vena cava or right atrium. This additional groin puncture may result in a time delay for recanalization or can result in puncture-related complications. Because Ao-CBCT can be performed via a single groin puncture site for EVT and the same catheter coaxial system for recanalization therapy, Ao-CBCT can shorten the time from assessment to recanalization when compared to IV-CBCT.

Nagahata et al. described the use of basi-parallel anatomic scanning (BPAS) using MRI.^[@B13]^ BPAS is a surface scanning MR imaging technique that characterizes the surface appearance of the intracranial VA-BA. Kato et al. described the use of Sylvian vallecula-parallel anatomic scanning-MR imaging, which can visualize the surface appearance of MCA.^[@B14]^ Both of these methods can visualize the outer layer of vessels, even if the vessels are occluded. Moreover, these methods are not invasive and do not require contrast medium. While these methods can estimate the inner diameter of the occluded site and distal vessels of the occluded site, the estimated inner diameter may not reflect the actual diameter. For example, if the vessel occlusion occurred from atherosclerosis, the inner diameter might be overestimated. In this situation, the use of devices that require selection according to the estimated vessel diameter may be problematic and lead to vessel injury. On the other hand, Ao-CBCT can characterize the inner lumen just proximal to the occluded site and of the distal vessels. The acquired lumen diameter information can facilitate appropriate device selection for recanalization and reduce the complication risk that would otherwise be associated with suboptimal device selection.

Ao-CBCT may be able to shorten the time from vessel evaluation to recanalization. If the occluded site and collateral flow are assessed via conventional angiography, an injection of contrast from several arteries is needed. For example, in the case of ICA proximal occlusion, injections from the ipsilateral common carotid artery, contralateral ICA and VA are needed to assess the occlusion site and distal collateral flow. In comparison, Ao-CBCT can characterize the occluded site and distal portions at the same time. Therefore, Ao-CBCT requires only one target vessel angiography and can thereby shorten the time from a groin puncture to recanalization.

There are some limitations in this study. First, we did not compare Ao-CBCT and CTA images directly. In our hospital, patients with suspected stroke are initially assessed by MRI and MRA. CT is performed only for those who have contraindications to MRI or who have a hemorrhagic stroke defined by MRI. In this study, because all patients were initially assessed by MRI and MRA, CTA data were not available. If both examinations are performed in the acute phase, a time delay in treatment may occur, and there is a higher risk of subsequent renal dysfunction resulting from the repetitive use of contrast. Second, most of our patients had an occlusion site in the anterior circulation system. Only one of 14 patients suffered ischemic stroke related to occlusion of the posterior circulation system. Therefore, validation of these results using a larger number of patients with posterior circulation vessel occlusion is needed.

Conclusions
===========

Ao-CBCT is an efficient method to obtain detailed information regarding occluded vessels in patients with ischemic stroke patients when compared with conventional examination methods. This modality requires a lower volume of contrast agent and a shorter time when compared with IV-CBCT and CTA, while yielded enough sufficient information to guide the selection of treatment strategy. Moreover, this modality may shorten the time to recanalization and obviates the need for contrast injection of unoccluded vessels when evaluating collaterals.
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![A 78-year-old male presents with right ICA stenosis and right MCA M1 occlusion. (a) MRA shows right ICA and MCA M1 tandem occlusion. (b) Conventional DSA, AP view, early arterial phase and late arterial phase, demonstrate occlusion of the right MCA M1 with collateral leptomeningeal circulation and partial retrograde reconstitution of distal potion of MCA M2 (*arrows*). (c) Ao-CBCT coronal view and axial view demonstrate MCA M1 occluded site and reconstitution of the proximal potion of the MCA M2 (*arrowheads*). (d) Conventional DSA, AP view, after EVT with penumbra system, TICI 2b recanalization was obtained.](nmc-57-292-g1){#F1}

![An 80-year-old male with atrial fibrillation presented with right MCA M1 proximal occlusion. (a) MRA shows right MCA M1 proximal occlusion. (b) Conventional DSA, AP view, early arterial phase and late arterial phase, demonstrate occlusion of the right MCA M1 proximal with collateral leptomeningeal circulation and partial retrograde reconstitution of the distal potion of the MCA M2 (*arrows*). (c) Ao-CBCT coronal view and axial view demonstrate MCA M1 occluded site and reconstitution of the middle potion of the MCA M1 (*arrowheads*). During diagnostic angiography, his symptoms improved. We did not perform EVT.](nmc-57-292-g2){#F2}

###### 

Baseline characteristics and treatment

  No   Age   Sex   NIHSSscore   Etiology                           IV-tPA   Endovascular therapy   TICI grade post EVT
  ---- ----- ----- ------------ ---------------------------------- -------- ---------------------- ---------------------
  1    38    M     16           others                             −        Penumbra               2a
  2    64    M     24           cardioembolic                      \+       Penumbra               2b
  3    37    M     21           cryptogenic                        \+       Penumbra               2b
  4    81    F     18           cardioembolic                      \+       Merci                  2a
  5    78    M     15           ATBI (A to A)                      \+       CAS, Penumbra          2b
  6    70    M     20           ATBI (A to A)                      \+       CAS, Penumbra          2b
  7    68    M     19           ATBI (Atherosclerotic occlusion)   −        Balloon PTA            2a
  8    80    M     6            cardioembolic                      −        none                   −
  9    65    F     12           cardioembolic                      −        none                   −
  10   72    M     12           ATBI (A to A)                      −        CAS                    3
  11   77    M     26           others                             −        Penumbra               2b
  12   64    M     21           ATBI(A to A)                       \+       CAS, Penumbra          2b
  13   71    F     22           cardioembolic                      −        Penumbra               2b
  14   64    M     9            cardioembolic                      \+       Penumbra               2b

ATBI: indicates atherothrombotic brain infarction, CAS: carotid artery stenting, EVT: endovascular therapy, IV-tPA: intravenous tissue plasminogen activator, NIHSSscore: National Institute of Health stroke scale score, PTA: percutaneous transluminal angioplasty, TICI: thrombolysis in cerebral infarction.

###### 

Occlusion site and evaluation of MRA, DSA and Ao-CBCT

  No   occlusion site   collateral information (grade)   graphic quality       
  ---- ---------------- -------------------------------- ----------------- --- ------
  1    MCA M1-D         5                                3                 2   good
  2    BA               2                                NA                1   fair
  3    MCA M2           5                                3                 2   fair
  4    MCA M1-D         5                                2                 1   good
  5    MCA M1-D         5                                3                 1   good
  6    ICA-T            5                                4                 3   good
  7    ICA-D            1                                1                 1   good
  8    MCA M1-P         5                                2                 1   good
  9    MCA M4           5                                5                 1   good
  10   MCA M1-D         5                                4                 1   good
  11   MCA M2           5                                3                 1   good
  12   ICA-P+MCA M1-P   5                                5                 2   fair
  13   MCA M1-D         5                                2                 1   good
  14   MCA M1-P         5                                1                 1   good

BA: indicates basilar artery, DSA: digital subtraction angiography, ICA-D: internal carotid artery distal, ICA-T: internal carotid artery terminal, MCA M1-P: middle cerebral artery M1 proximal, MCA M1-D: middle cerebral artery M1 distal, Collateral grades mean as bellows. A score of 1 was assigned if collaterals reconstituted the distal portion of the occluded vessel segment. A score of 2 was assigned if collaterals reconstituted vessels in the proximal portion of the segment adjacent to the occluded vessel. A score of 3 was assigned if collaterals reconstituted vessels in the distal portion of the segment adjacent to the occluded vessel. A score of 4 was assigned if collaterals reconstituted vessels two segments distal to the occluded vessel. A score of 5 was assigned if there was little or no significant reconstitution of the territory of the occluded vessel.
